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Abstract. Seaports (hereafter “ports”) within the European Union are facing increasingly restrictive 
regulation in the near future from various sources driven by climate change prevention and public 
opinion supporting “green” values. Ports are complex hubs for maritime transportation systems and 
global supply chains, as well as an integral part of critical national infrastructures. However, they 
are also significant individual sources of harmful emissions, and their involvement is crucial to 
reducing transportation-related environmental impacts. To meet future regulatory requirements, 
stakeholders will need to find ways to align their policies accordingly and create long-term 
pathways toward these ambitious targets. The empirical case study presented in this paper among 
European Port Cluster (EPC) stakeholders distinctly reflects the mounting importance of 
environmental policies and the need for further preparative measures for meeting future demands. 
This paper emphasizes the intensified impact of forthcoming regulation on existing business models 
in the EPC and contributes a foresight-based framework to approaching this issue systematically. 
The adoption of future-oriented regulation is a non-linear, potentially disruptive, and complex 
foresight process that requires each stakeholder to formulate their own strategic pathway toward 
a target-seeking scenario. Changing direction from the status quo toward sustainability also 
requires a strong commitment beyond mere regulatory compliance. 
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1. Introduction 
Seaborne transportation is a vitally important part of global trade, and within the 
European Union (EU) region, there are up to 1,200 active seaports (hereafter “ports”; 
ENISA, 2019). As ports handle more than 80% of global trade, they are also considered a 
critical national infrastructure (UNCTAD, 2018). However, globally, significant amounts of 
harmful emissions caused by port operations, as well as by vessels, trucks, and trains 
visiting the ports, create air pollution and jeopardize the well-being of nearby inhabitants. 
In addition, greenhouse gas (GHG) emissions are accelerating climate change (UNEP, 2021). 
An extensive sustainability survey of 36 ports in North America, Europe, and the Asia-
Pacific (Hossain et al., 2021) concluded that European ports are slightly ahead in terms of 
sustainability progress, but that there is an urgent need for rapid improvement in adopting 
actions that address climate change. 
Climate change and related environmental challenges have been identified as the most 
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essential megatrends that predominantly affect the future development of all freight 
transportation systems (Maraš et al., 2019). There is already extensive empirical research 
data available (e.g., Oeder et al., 2015) that demonstrate how harmful fossil fuels are to 
public health and the environment when used within the port infrastructure (PI). 
The business-as-usual approach in the European Port Cluster (EPC) is evidently not a 
sufficient pathway (Laffineur, 2012), and a growing body of scholars (e.g., Bjerkan and 
Seter, 2019; Berawi, 2021) are highlighting the requirement for diverse research and new 
initiatives to support actions toward sustainability. Operational activities within the PI have 
traditionally been considered very energy-intensive (Pavlic et al., 2014). Moreover, 
improved energy efficiency is considered a vital effort toward the mitigation of port 
emissions, which requires large-scale investments in new and more state-of-the-art 
equipment (Ganda, 2019), as well as the utilization of alternative energy sources (Pavlic et 
al., 2014). Table 1 summarizes the complexity of governing emission sources with respect 
to multiple different stakeholders operating within the PI and coastal areas. Each 
stakeholder has a certain influence on the overall emissions occurring within the PI, and 
their combined emission mitigation efforts define the overall results (Lai et al., 2013).  
Although regulation is recognized as a strong driver of sustainability transition (ST), 
there are also major hindrances, such as organizational path dependencies (e.g., Teece et 
al., 1997) and various lock-in effects (Markard et al., 2012), resulting primarily from the 
high capital intensity distinctive of transport systems (Bernardino et al., 2015). Table 1 
shows how regulation related to ports developed between 2013 and 2021 in the EU. In 
2021, the EU set a target of making the continent carbon-neutral by 2050 and cutting CO2 
emissions by 55% by 2030 compared with the levels in 1990. However, the trend leading 
to this decision was already visible in other regulations since 2013. In theory, this extensive 
timeframe allowed actors to adjust their existing business models to meet the upcoming 
regulatory requirements of carbon neutrality several years before the actual decision was 
made in 2021. However, the research literature (e.g., Banerjee, 2001) proposes that due to 
the complexity of the topic, regulation often does not have direct causal impacts and can 
result in inadvertent outcomes despite the original purpose (Soria-Lara and Banister, 
2018). 
Table 1 Regulatory framework applicable within the port cluster in the EU 
Regulatory Initiative Year Reference 
As a part of its “Ports: an engine for growth” report, the European 
Commission suggested that ports become more active in improving the 
environmental image of waterborne transport by implementing an 





According to the circular economy approach, waste can be turned into a 
resource by reusing, repairing, refurbishing, and recycling existing 




European Commission has invited the member states and the European 
maritime industry to work together toward the long-term objective of 




The EU strives to minimize its dependence on oil and to mitigate the 




EU and its member states to become a carbon-neutral region by 2050, 





The European Green Deal regulatory framework has been approved. 
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ST toward more sustainable port operations is a complex, potentially disruptive, and 
long-term process that requires new policies and innovative solutions (Pavlic et al., 2014), 
in addition to the ability of each involved stakeholder to plan ahead (Schrettle et al., 2014). 
However, there is evidence (e.g., Becker and Caldwell, 2015) that some notable decisions 
regarding sustainability within the port domain are still driven by short-term economic 
benefits rather than focusing on long-term planning toward sustainability and the future 
requirements of port operations. Hence, the use of foresight methods to formulate future 
scenarios has been recognized as a workable conceptual tool to systematically approach this 
issue (Berawi, 2016; Yashin et al., 2020). Foresight activities can also be utilized to provide 
decision-makers with information about different scenarios and to potentially visualize how 
passive approaches are in conflict with predominant insights about the future (McDonald et 
al., 2018). The objective of this paper is two-fold: (1) to analyze empirical survey results and 
research literature findings in order to reflect the findings against the upcoming regulatory 
framework; and (2) to review, align, and contextualize the most suitable foresight method 
in order to formulate a process framework model that would develop long-term 
sustainability-related regulatory adoption in the EPC. 
 
2. Methods 
 This paper is a conceptual exploration of the research literature, providing insight into 
the role of upcoming environmental regulation as an external and future-oriented driver 
and as a normative scenario having an integral part in ST. The literature findings were 
analyzed qualitatively using a concept-driven approach (Schreier, 2014). We claim that 
foresight-related methods provide suitable tools to analyze how regulatory information is 
transformed into strategic knowledge, thereby allowing stakeholders to incorporate this 
knowledge into their strategies and formulate long-term and target-seeking pathways. 
Based on the literature review, further analysis was conducted to identify which particular 
elements of foresight methods contribute to the proposed future regulation adoption 
process (FRAP). 
Empirical data were collected between June and October 2018 from EPC stakeholders 
connected to the COREALIS project (EU grant agreement No. 768994). The questionnaire 
results are presented in a public document (D.1.2: COREALIS, 2018). One of the authors 
participated in the questionnaire review and data collection and therefore had access to the 
raw data. These results were used to deepen our understanding of the responses presented 
in (D.1.2: COREALIS, 2018). The empirical data were used to reflect the companies’ outlook 
on long-term ST to carbon-neutral operations in autumn 2018. Given that clear signs 
already existed that their operations would someday have to become carbon-neutral, one 
could assume that these companies had at least taken some steps to prepare for this ST by 
2018. Consequently, the parts of the questionnaire dealing with initial preparations for ST 
were analyzed in detail. We assumed that the adoption of key performance indicators 
(KPIs) related to sustainability would be among the first signs of adopting operations that 
cause less CO2 emissions. Adoption of KPIs does not necessarily involve investments at this 
stage, but it does show a willingness to invest in these things in the future. Without KPIs, 
however, a company will never be able to understand how to achieve future targets related 
to carbon neutrality. 
This paper aims to generate a process framework that hypothetically acts as the basis 
for organizational strategy. The proposed process framework should narrow the existing 
threshold among EPC stakeholders to proactively increase ST actions. Figure 1 
demonstrates the research flow and research questions (RQ 1 & RQ 2). 
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Figure 1 Presentation of the research flow 
2.1.  Foresight Methods Supporting the Target-seeking Pathway 
Future scenarios are considered a functional method to underpin policies and lead the 
way toward sustainability (Fauré et al., 2017). Depending on the approach to the above 
questions, the scenario categories comprise predictive, explorative, and normative 
scenarios (Börjeson et al., 2006). The regulatory future can be considered normative, as 
there is a clear target ahead in the future; normative scenarios are also referred to as 
desirable futures (Vergragt and Quist, 2011). Fazey et al. (2016) emphasize that 
conceptualized foresighting pathways to support sustainability are tools to reinforce 
decision-makers’ understanding. The pathway approach can describe the response style to 
specific issues as proactive, reactive, inactive, or business-as-usual (McDonald et al., 2019). 
 
Table 2 Comparison of the suitability of common foresight methods  
Foresight method Target-seeking pathway Normative scenarios 
Trend extrapolations   
Forecasting   
Strategic foresight X  
Backcasting X X 
 
As the regulatory future requires both a target-seeking pathway and a normative 
scenario approach, the most suitable foresighting method that fulfils both the criteria is 
backcasting (Table 2.). The idea of backcasting is to make the future more achievable by 
first envisioning and exploring the future that we want to have, and then looking at the 
opportunities and alternatives for pathways to achieve that future (Robinson et al., 2011). 
The definition of backcasting is formed as follows: “generating a desirable future, and then 
looking backwards from that future to the present in order to strategize and to plan how it 
could be achieved” (Vergragt and Quist, 2011). The backcasting process can be divided into 
different process phases: the “visioning phase,” “policy packaging,” and the “appraisal 
phase.” The visioning phase is about looking at how the future could be envisioned as 
naturally aiming toward a contrast to the current ways in which businesses work. The 
policy packaging phase identifies the possible policies that could help in reaching the future, 
but also sets timetables for these policies and for practical implementation. Lastly, the third 
stage is the appraisal phase, exploring the broad picture of the impact in terms of the 
sustainability dimensions (Soria-Laria and Banister, 2018). 
2.2.  Transformation of Regulatory Information to Transition Pathway 
Sotarauta et al. (2002) highlight that the foresight process needs to align deeply with 
the organizational structures and transform information into organizational knowledge, 
prior to proceeding with the creation of future scenarios and pathways. Consequently, it is 
essential for a successful and long-term FRAP to have a comprehensive understanding of 
what forthcoming regulation signifies from the specific point of view of an individual 
organization. Digitalization has enabled simple access to information databases where 
various types of trend analysis and specific information are easily available. Collecting the 
information, scanning the specific environment, trend scoping, and summarizing this for 
•Method 1: 
Literature review 
of EU regulation 









RQ 1: Is the 
distinct trend 
toward ST visible 






RQ 2: How to align 
divided aspects 
into a FRAP 
framework
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further future-oriented decision-making is a relevant front-end stage of a foresight process 
(Horton, 1999; Marchand, 2000). However, information such as announcements on 
forthcoming regulation is considered passive by nature, whereas knowledge is more of a 
cognitive capability (Foray, 2006) that strives to comprehend contextual reasons and 
consequences (Teece and Pisano, 1994; Teece, 2000). 
 An organization’s interaction with dynamic environments requires that organizations 
are capable of creating new knowledge in addition to processing new information and 
utilizing their knowledge (Nonaka, 1994). The accumulation of knowledge within an 
organization has positive impacts, generating new knowledge in terms of specific topics 
(Arthur, 1996; Storper, 1997). The assimilation of new knowledge deeper into 
organizational innovation processes and strategic planning has been noted as a critical 
factor in the absorptive capacity process (Zahra and George, 2002). Organizations with high 
absorptive capacity have almost inevitably adopted a proactive approach benefiting from 
structured knowledge accumulation (Cohen and Levinthal, 1990). Acknowledgement of a 
future-oriented approach, renewal capabilities, and adaptability to transformation 
processes have been identified as characteristics of successful organizational development 
(Ahmed, 1998). Producing new knowledge is gradually being considered important as 
organizations seek ways to meet forthcoming stringent emission-reduction targets 
(Schrettle et al., 2014). 
 
3. Results and Discussion  
3.1.  Empirical Survey of the European Port Cluster 
The questionnaire was sent to 1,346 General Data Protection Regulation (GDPR)-
compliant contacts of COREALIS project members involved with port stakeholders around 
Europe during the autumn of 2018. With 107 responses, the response rate was 7.9%. 
However, due to incomplete and missing responses for questions reflecting the adoption of 
climate change-related KPIs, only 68.2% of the responses were usable. Hence, the final 
number of responses analyzed in this paper was limited to 73. Based on the questionnaire, 
the respondents considered environmental issues important, giving the importance of 
environmental policy for their business a score of 4.21 on a scale of 1 to 5, even if only 61% 
of them indicated that environmental policies were applicable to their business area with 
the port.  
 
Figure 2 The respondents’ attempts to adopt climate-change-related KPIs over time. In each KPI, 
only those respondents that have either adopted or are going to adopt the KPI are considered 
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However, based on the questionnaire results, the respondents lacked any practical 
implementation of environmental policy in their operations. For example, only 51% of the 
companies had KPIs related to CO2 emissions and 49% had KPIs related to the use of 
sustainable energy sources in 2018. 
Based on the questionnaire results, the respondents did not consider many climate-
change-related KPIs to be relevant in 2018. For example, only 23% of respondents 
considered CO2-emission-related KPIs important in 2018. Figure 2 presents the scenario 
when the organizations that are going to adopt climate-change-related KPIs are going to do 
that. In 2018, for example, 62% of the organizations that are going to adopt CO2-emissions-
related KPIs have done it at the time when the questionnaire was performed; 77% of 
respondents believe that they will in 2022, 13% will adopt them around 2025, and the rest 
10% not until after 2030. The respondents were also asked about KPIs related to the use of 
sustainable energy sources, investment in smart-grid technology and green energy sources, 
modal transport split, and noise generated by trucks calling to the port. In general, the 
responses for the use of sustainable energy sources and for modal transport split were 
rather similar to the responses for CO2 emissions. For the KPIs about the noise generated 
by trucks and about investment in smart-grid technology and green energy sources, the 
adoption rate is slower: in 2018, only 35% had KPIs related to the former and 45% had KPIs 
related to latter. 
3.2.  Proposed Future Regulatory Adoption Process Framework 
Several scholars (Robinson, 1990; Quist, 2007; Wiek and Iwaniec, 2014; Kishita et al. 
2016) have recognized backcasting as a more feasible method, notably for approaching 
determined future visions, creating pathways toward desired future visions, and classifying 
what is required to achieve a specific future target. Hence, the proposed FRAP framework 
(Figure 3) is based on backcasting methodology, which presumably provides suitable 
elements to formulate a target-seeking ST pathway for stakeholders whose business 
models need to change, often drastically, due to upcoming regulation.  
 
Figure 3 Proposed FRAP framework (adopted and modified from Quist, 2007; Kishita et al., 2016) 
Continuous observation and situational awareness of the transition progress and reacting 
to deviations are crucial and can be monitored through measurable sustainability-related 
KPIs (Jakeman et al., 2008). The designed future scenarios are not considered as final 
outcomes but as workable tools to support organizational strategic processes (Bernardino 
et al., 2015). Intensified regulation toward emission mitigation within the EPC is having an 
impact on organizations’ future strategies and business progression. As these organizations 
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continually try to balance varying and often conflicting future demands, regulation-driven 
sustainability will unavoidably have to be incorporated into their decision-making 
processes. Once rapid ST toward more environmentally sustainable practices begins, it is 
likely to cause added expenses and decreasing profit margins over a certain period 
compared with organizations in the EPC that have not yet chosen a proactive approach 
toward future environmental demands (Min and Galle, 2001). It has also been highlighted 
(e.g., Carpender et al., 2018) that due to the importance of port and maritime clusters for 
global trade, environmental actions should not jeopardize the operability of these clusters 
at any stage. Therefore, well-planned proactive environmental actions are seen as a tool to 
gain strategic advantage by predicting future developments against organizations that are 
passive (Tay et al., 2015). Successful implementation requires that procedures and 
decisions supporting the ST process require a commitment from the whole organization 
(Hussain, 1999). 
The proposed FRAP (Figure 3) consists of five phases: 
1. Contextualization of the regulatory announcement and understanding its meaning as a 
normative future scenario affecting EPC stakeholders. 
2. Constructing a vision of an organizationally desirable future in alignment with a 
normative regulatory scenario. 
3. Generating a systematic scheme and potential milestones for the transition pathway 
toward the desirable future.  
4. Incorporating the transition pathway into organizational strategies and decision-
making processes. 
5. Effectively measuring the pathway progression with well-designed KPIs.  
3.3.  Proactive and Systematic Approach for a More Sustainable Future  
 The potential contradiction with other development areas is causing trade-offs and 
disruptions to the existing business model, which can only be solved by incremental 
changes and breaking away from path dependencies. Proactive preparation for future 
demands and regulatory limitations is vital if organizations are to have the capability to 
formulate a pathway for their ST prior to such regulation coming into force. Incorporating 
environmental targets closely with organizational strategy and the capability to reform 
have been recognized as one of the key characteristics of a successful organization (Barr et 
al., 1992). An ignorant or reactive mindset toward regulation eventually puts tremendous 
pressure on an organization that may fear losing its competitive advantage, while a 
proactive organization will benefit down the road, thanks to its ongoing ST efforts (e.g., 
Schrettle et al., 2014). Based on the research literature (e.g., Hua et al., 2020), it is notable 
that some EPC stakeholder organizations are adopting sustainability-related actions for the 
mere purpose of regulatory compliance, while others have already adopted sustainability 
as one of their core values. 
 
4. Conclusions 
Based on the empirical survey and research literature findings, it is evident that the 
organizations within EPC need to accelerate their sustainability efforts in order to meet the 
upcoming regulatory framework. Due to the complexity and non-linear mechanisms 
involved, ambitious emission reduction goals can be achieved in a sustainable way only 
with long-term strategic planning and a proactive approach. This paper presented a 
contextualized backcasting-based foresight framework using a target-seeking approach as 
a novel conceptual contribution to tackle this complex issue. This paper further suggests 
that once EPC stakeholders implement sustainability governance-related tools similar to 
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FRAP as a rigid part of their future strategies, they will support the generation of ST 
roadmaps and improve the identification of potential investment needs and major 
obstacles in advance. 
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